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We investigate the = 1/2^ baryons in the octets based on flavor 5(7(3) symmetry. 
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1. Introduction 

The hypothesis of the appro ximate SU(3) symmetry of strong interactions proposed 
}J] ■ by Gell-Mann and Ne'eman [lEEl has been proved quite successful and fruitful in 

5^ , the classification of elementary particles. In this classification scheme, one can group 

the experimentally known strongly interacting particles with the same quantum 
numbers of spin and parity into various irreducible representations of the SU(3) 
group SI. The assignment of baryons and mesons to definite SU(3) multiplets seems 
to be very satisfactory for the 1/2+ , 3/2+ baryons and 0~, 1~ mesons. It also seems 
to be satisfactory for the particles with spin-parity 3/2~, 5/2~, 7/2", 5/2+, 7/2+ 
and 2+, but poor for 1/2" and 1+ hadrons. It has been speculated that the mixing 
between multiplets might be useful for the interpretation to assign these particles 
to SU(3) multiplets ^. 

Recently, Guzey and Polyakov reviewed the spectrum of all baryons with mass 
less than approximately 2000-2200 MeV and catalogued them into twenty-one SU(3) 
multiplets ^. That work can be viewed as an attempt to update Ref. 31. in their 
paper, the masses for (N, A, E, S) members of an octet are listed in a parenthesis. 
They introduced the mixing of the octet (8, l/2-)=(1535, 1670, 1560, 1620-1725 ) 
with the singlet (1, 1/2~)=A(1405). It is noticed that the small ^ /^(^iqjq')_^n-k forces 
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^N{i535)^NiT to be also small, which is in conflict with the experimental observation. 
The mixing of A(1405) with A(1670) enables one to simultaneously have sufficiently 
large Ag, and small ffA(i670)^A'/f ■ ^^^^ way, most predicted decay widths can fit the 
experimental data. However, the predicted r^(i535)^7v?7 is lower than r^(i535\^jv77 
according to the experimental data form Particle Data Group (PDG) listing L^, and 
the predicted Fj^^j^sgQ-jjotai is broader than the experimental value r5;(2560)totai- From 
analysis of these situations, Guzey and Polyakov thought that the practical mixing 
angle should be smaller than their theoretical fitted mixing angle. Meanwhile, in 
the octet (8, l/2-)=(1650, 1800, 1620, 1860-1915 ), it will be better if the predicted 
rjv(i650)^Ar7r is broader. 

In this paper, instead of considering only one octet and one singlet mixing, we in- 
vestigate the mixing between the two octets with Jp = l/2~, which are (1535, 1670, 
1560, 1620-1725 ) and (1650, 1800, 1620, 1860-1915 ). and then their mixing with the 
singlet A(1405). For the the small ^f^(^igYo)^N'K' ^^i^^ have to mix A(1405) with 
A(1670). However, we consider the effect due to mixing between the two octets. 
There are two main reasons for this. One is that particles with same quantum num- 
bers from different unitary multiplets can mix with each other, the other is that 
this can decrease the mixing angle between the octet and the singlet, and enhance 
^N{i535)^N7j and r^,(i65o)^Ar^. This renders the theoretical rs(i560)totai in agree- 
ment with the experimental data. Therefore, we try to mix the two octets first, and 
then mix the mixed A(1670) state with A(1405). 

2. Decay widths and coupling constants 

For the decay process of a baryon B* to a baryon B and a pseudoscalar meson M 

B* + M, (1) 

the calculation of decay widths can be performed in the framework of Rarita- 
Schwinger formalism. The parity-conserving Lagrangian of B*^^_ — > B1/2+ + M 

interaction is^ 

C = .gs-SA/^$?!', (2) 

where ^E* is the Jp ~ 1/2^ field, $ is the = 1/2+ field, cj) is the pseudoscalar 
meson field. Meanwhile, the Lagrangian of -6*^2- ^ -^3/2+ + interaction is 

where the factor 1/m^ is introduced to make the coupling constant gs'BM dimen- 
sionless. Accordingly, the decay widths are written as 

rB.^^_^B,,,,M = '^^Pcmiimi + msf - m\ (4) 
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where gB-'BM is the physical couphng constant and Pcm is the cm. momentum of 
final particles. In terms of the baryons masses rrig, hub and the meson mass m, we 
have 

Pcm = 1^{[^B - i^B + m)2][mj2 - (ruB ~ m)']}'/^, (6) 

In order to calculate the partial decay widths, we must know the physical cou- 
pling constant gB*BM, which needs not only computing the Clebsch-Gordan co- 
efficient among the SU(3) irreducible representations of B*, B and M, but also 
computing mixing of two octets and singlet. 

To derive the physical coupling constants, we first denote the physical states as 
\Ns), \Ns'), lAg), lAg/), |Ai), lEg), lEg-), \^s), \^s'), and the bare states as \N°), 
|7V°,), |Ag), |A°,), lA?), |Eg), The denotations without prime are 

for the octet (1535, 1670, 1560, 1620-1725 ) and with prime are for the octet (1650, 
1800, 1620, 1860-1915 ). Then, we introduce the mixing between the two octets. We 
assume that the mixing angles of different baryons in the two octets are different, 
i.e., the angles are S, 9, f3, 7 for N, A, E, S, respectively. Since the physical states 
can be written as hnear superpositions of the bare states, the physical states [iVg), 
\Ns') are 

/|iV8)\ / COS 5 sin A f\N^)\ 

\\Ns')) {~smSco8d){\Nl,))- ^' ^ 

Therefore, the coupling constants of Ns after two octet mixing are 

f gNsBAi\ cos (5 sin(5\ / 9n'^bm 

V 5^8' BM ) V - sin 5 cos (5 y y gjvo gu 

where gB*°BM is the SU(3) universal coupling constant, gB'BAi is the physical 
coupling constant of mixing. The physical states of S, S have the same form as N. 
However, As are special, the couplings after mixing with octet are 

5a(1670)BM ^ C0S6' gA0(i670)BJ\/ + sin gAO{1800)BM, 

5a(i800)bm = - sin 6* gAO(i67o)sj\/ + cos 6* .gAO(i8oo)sj\/ j (9) 

where A(1670) represents a middle state. And then, we introduce the angle ^ to 
mix the mixed state A(1670) with A(1405) and can get the coupling constants of 
physical state A(1670) and A(1405) 

5A(1405)SA/ = COS^ 9A°(14:05)BM + sin ^ 9a{ig70)BM' 

5A(1670)SA/ = -Sin^ 5AO(1405)BAf + COS$ .9a(1670)BA/- (10) 

In these physical coupling constants, there are 12 parameters, which are five 
mixing angle parameters (5, 9, j3, 7, ^) and 7 coupling parameters (a, A^, Aio, 
Ai, a', A'^, A\q) of the universal coupling constants i^i^ where the parameters a, A%^ 
a', are for the 8^8-1-8 decays, Aio, A\q for the 8 — > 10-1-8 decays and Ai for 
the 1-^8 + 8 decays. If these parameters are known, we can get all the coupling 
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constants and calculate the decay widths. On the other hand, we can also constrain 
the parameters if we know information on the coupling constants. 

Therefore, we use some experimental decay widths of baryons to adjust the pa- 
rameters of coupling constants, then use these parameters to calculate all decay 
widths. If the calculated decay widths are consistent with or closer to the experi- 
mental data, it supports the feasibility of considering mixing between octets. 



3. Mass 

We denote the bare masses of baryons as N^, N^,, S^, S^,, S^, 2^,, A^, A^, A^, and 
the physical masses as Ng,, Ngi, Sg, Eg/, Sg, Sg/, Ai, Ag, Ag/. The bare masses of 
the two octets are ^ 

TVgO = Ml -xi+yi, iVgO = M2 -X2 + y2, 

Ag = Ml -2x1, AO, = M2-2X2, , . 

= Ml + 2x1, T,°,= M2 + 2X2, ^ ' 

Sg = Ml ~ xi-yi, S°, = M2 -X2- y2- 

A consequence of Eq. (fTTj) is the Gell-Mann-Okubo (GMO) relation for octet masses 

iVs + Sg ^ 3Ag + Eg 
2 4 

The physical masses can be obtained from the diagonalization of the matrices 



(12) 



Take the special A for example, which mixes twice. The first is the Ag and Ag, 
mixing, the second is the K\ and Ag mixing 




cos V sm f 
— sin 9 cos ( 



( |Ag) A 



Ai)\ / cos^ sin^ 
Ag) ) \ — sin^ cos^ 




(14) 



For simplicity, we use A instead of |A) to denote the state. We write the bare states 
from the physical states using the mixing of 3x3 matrices as follows: 

10 
cos 9 — sin 
sin 6* cos6' 

'10 

Ocos6'-sin6l | ( sin^ cos^ ] | Ag | . (15) 
sinf? cos^ 
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Using (fT3)) and p5)) . we can get the result 

/A? ViV2\(K\\ /Ai \ /Ai\ 

(A? kl kl) h^i AO ^3 AO U (Ai As AsO As Ag , (16) 
V^^2 1^3 AO,; Vao ; V As7 VAs7 

where A physical masses are 

Ai = cos^ ^A? + cos^ e sin^ ^Ag + sin^ 9 sit? ^Ag, 

+ cos 6 sin 2Syi + sin 6 sin 2^V2 + sin 29 sin^ ^Fa, 
As = sin^ ^A? + cos^ 9 cos^ ^Ag + sin^ 9 cos^ ^Ag, 

- cos 9 sin 2^ Vi - sin 9 sin 2^14 + sin 29 cos^ , 
Ag' = sin^ 6IA0 + cos^ 61 AO, - sin 26*^3. (17) 

Meanwhile the physical masses of other baryons are^^ 



^8,8' - 2 I ^8 + ^8' T 





-TV" 






-EO, 


)2+ 41/^2 


(5§ 




2 + 4y| 



^s.8' = - I + -0, T ^/ (s§ - so )2 + 4y| ) , (18) 

where 

Vn = ^(iV8-7VsOsin2,5, 
= i(Es-Es0sin2/3, 
I'^H = ^(Sg - S8')sin27, 
Vi = icos0sin2e(Ai - As), 
^2 = isin0sin2e(Ai - As), 

V3 = - sin 2^ (sin^ ^Ai + cos^ ^As - sin 26'As') • (19) 

From ([T7|) . US]), we get a new relation among the baryon masses 

3(sin2 ^Ai + cos2 ^As + As,) + (Eg + Es,) = 2(7Vs + N^' + Sg + Sg,). (20) 

For getting more information of S, we need to know the parameters. However, there 
are 12 parameters (Mi, xi, yi, M2, X2, y2, AfO^, 6, 9, ^, /3, 7), while we only know 7 
physical masses (iVg, TVs', Ss, Eg', Ai, Ag, As') from PDG . Therefore we use the 
angles obtained from decay widths and physical masses to calculate the parameters 
Ml, xi, yi, M2, X2, 2/2, MO^. Then, we can get all bare masses. 
Meanwhile, there is a relation 

2yH = (S0-S0,)tan27. (21) 
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Using (fT8|) . ((20|) . ((2T|) and according to the experimental FHtotai, we predict the 
mixing angle ranges and the physical mass ranges of the two S's. 

4. Results 

The detailed calculating processes are as follows. At first, we use the N and A 
experimental decay width data and the least square method to get the parameters 
((5, 9, ^, a, As, Aio, Ai,a', A'^, A[q). Secondly, we use E width data to get (3. Thirdly, 
we use the angles obtained from decay widths and physical masses to calculate the 
parameters Mi, xi, yi, M2, X2, 2/2, -Af^^. Finally, we use the obtained angles and 
the mass parameters to get 7 range and the S mass ranges of the two octets, and 
further, to predict the decay width ranges of the two Ss. The parameters are 



5 = 
a — - 
a' = 


-4.5°, 
-0.697, 
0.69, 


e = 
As = 
A's = 


-26.4°, 
0.889, 
0.69, 


e = 
Aw = 

A' — 
^w — 


-34.9°, 

2.04, 
1.05, 


/3 = 
Ai = 


-31.4°, 
1.65, 


(22) 


Ml = 
M2 = 


1601.2, 
1680.4, 


Xi = 
X2 = 


-12.5, 
-38.4, 


yi = 
y2 = 


-77.9, 
-69.5. 




1491.7, 


(23) 



According to the experimental Fstotai, we predict that the S mixing angle range 
7 is between —36.0° and —29.0°, meanwhile, we predict that two possible S mass 
ranges of the two octets are S( 1583-1649 ) and S'( 1831-1896 ). We list all results in 
Table 1. Most predicted decay widths are consistent with the experimental data. 

5. Discussions 

In our results, most predicted widths are consistent with the experimental data. 
The predicted ^ N{ib'ib)^Nri and 'i^ n{iq50)^Ntt become broader, which fit the exper- 
imental data. The theoretical rs(i56o)totai agrees with the experimental data. The 
mixing angle between the octet and the singlet is —34.9°, which is smaller and in the 
range 15° < |^| < 35° It also predicts two possible S mass ranges. However, the 
\/-'^jv/f-'^s(i385)7r is lower. There are three reasons for this. One is that the coupling 
and the phase space of F^(i535)_^^^ are both bigger than that of r7v(i67o)^E(i385)7r) 
the second is that the small rjv(i535)^A7r(niost 1.75 MeV) makes Aw not large; and 
the third is that the mixing of two octets suppresses r7v(i67o)— ►s(i385)ir by a factor 
2.03. 

We also have tried three possible ways to include the mixing. The first is just 
what we have done above, but to introduce same octet's mixing angles before their 
mixing with the singlet, the second is to consider only two octet mixing without 
their mixing with the singlet, the third is to consider the mixing of the octet with 
the singlet firstly and then consider the mixing between the two octets. However, 
we cannot find appropriate results which are consistent with all experimental data. 
So as an example, we only show the results from the first way, i.e., to consider 
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Table 1. The masses and widths of baryons (in unit of MeV). 





Wiatn 


Decay mode 


Branching ratio 


ri(exp) 


1 j(thj 


Ar(1535) 


125-175 




35%-55% 


43.75-96.25 


96.03 






Nr) 


45%-60% 


56.25-105.0 


57.62 






Att 


<1% 


<1.75 


1.73 


A(1670) 


25-50 


NK 


20%-30% 


5.0-15.0 


5.19 






Ari 


10%-35% 


2.5-17.5 


7.21 






Stt 


25%-55% 


6.25-27.5 


13.20 








-23%- -11% 


-11.5- -2.75 


-0.81 


A(1405) 


48-52 


Stt 


100% 


48.0-52.0 


51.77 


S(1560) 


49-109 


ri:7r/(rE7r + Tatt) 
^ NK 




0.23-0.47 


0.47 
12.57 
14.15 
29.02 


S(1583-1649) 




Th^ 
Tax 






22.00-70.00 
3.00-10.00 


Ar(1650) 


145-185 


Wtt 


60%-95% 


87.0-175.75 


88.10 






Nri 


3%-10% 


4.35-18.5 


18.47 






AK 


3%-ll% 


4.35-20.35 


18.95 






Att 


l%-7% 


1.45-12.95 


3.34 


A(1800) 


200-400 


NK 


25%-40% 


50.0-160.0 


151.93 






-\/^JVK^S7r 


-13%- -3% 


-52.0- -6.0 


-51.87 






•v/rArK^"E(1386)7r 


2.8%-8.4% 


5.6-33.6 


22.28 


S(1620) 


45-85 


^ NK 


20%-24% 


9.0-20.4 


9.02 








34%-46% 


15.3-39.1 


18.01 












35.98 


S(1831-1896) 




Tax 






18.00-19.00 
34.00-37.00 
81.00-86.00 



the two octet mixing first, and then mix the mixed state A(1670) with A(1405). 
The results suggest that the octet mixing might be a feasible effect to improve the 
agreement between theory and experiments. However, it also suggests us that other 
mechanism and/or dynamical effects need to be introduced for a better description 
of all available experimental data. 
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